Topoisomerase I cleavage sites identified and mapped in the chromatin of Dictyostelium ribosomal RNA genes.
Sites of an endogenous activity that has the properties of a DNA topoisomerase I have been identified on the palindromic ribosomal RNA genes of the slime mould Dictyostelium discoideum. This was done in vitro, by treating isolated nuclei with sodium dodecyl sulphate, which denatures topoisomerase during its cycle of nicking, strand passing and resealing, and hence reveals the DNA cleavages. It was also done in vivo using the drug camptothecin, which is believed to stabilize the cleavable complex of topoisomerase I plus DNA, hence increasing the chances of cleavage when sodium dodecyl sulphate is subsequently added. The cleavages in vitro and in vivo were mapped by indirect end-labelling. Both treatments cause what appear to be strong double-stranded cleavages at 200 and 2200 base-pairs and at 17 X 10(3) base-pairs upstream from the rRNA transcription start. The cleavage at 200 base-pairs was analysed in greater detail using RNA hybridization probes specific for single DNA strands. The cleavage is in fact composed of three closely spaced nicks on each DNA strand. The DNA sequence at each of the nicks is strongly homologous across 15 base-pairs. Sodium dodecyl sulphate-induced cleavage by eukaryotic topoisomerase I is known to yield enzyme covalently attached to the 3' cut end of the DNA. We show that protein-linked DNA restriction fragments with their 3' ends at the cleavage sites are selectively retarded on denaturing gels, which provides strong evidence that the unusual cluster of cleavages is caused by a topoisomerase I. Additionally, the camptothecin results revealed cleavages not only at the specific upstream sites, but also across the transcribed region. Interestingly, the zone of camptothecin-assisted cleavage does not extend as far at the 3' end of the gene as the zone of endogenous nuclease sensitivity.